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Abstract
Purpose:  To  compare  the  dose  and  image  quality  of  a  standard  dose  abdominal  and  pelvic  CT
with  Filtered  Back  Projection  (FBP)  to  low-dose  CT  with  Adaptive  Iterative  Dose  Reduction  3D
(AIDR  3D).
Materials  and  methods:  We  retrospectively  examined  the  images  of  21  patients  in  the  portal
phase  of  an  abdominal  and  pelvic  CT  scan  before  and  after  implementation  of  AIDR  3D  iterative
reconstruction.  The  acquisition  length,  dose  and  evaluations  of  the  image  quality  were  com-
pared  between  standard  dose  FBP  images  and  low-dose  images  reconstructed  with  AIDR  3D  and
FBP  using  the  Wilcoxon  test.
Results: The  mean  acquisition  length  was  similar  for  both  CT  scans.  There  was  a  signiﬁ-
cant  dose  reduction  of  49.5%  with  low-dose  CT  compared  to  standard  dose  CT  (mean  DLP
of  451  mGy.cm  versus  892  mGy.cm,  P  <  0.001).  There  were  no  differences  in  image  quality
scores  between  standard  dose  FBP  and  low-dose  AIDR  3D  images  (4.6  ±  0.6  versus  4.4  ±  0.6
respectively,  P  =  0.147).
Conclusion:  AIDR  3D  iterative  reconstruction  enables  a  signiﬁcant  reduction  in  dose  of  49.5%
to  be  achieved  with  abdominal  CT  scan  compared  to  FBP,  whilst  maintaining  equivalent  image
quality.
©  2013  Éditions  françaises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.∗ Corresponding author. Service d’Imagerie Guilloz, Hôpital Central, CH
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The  number  of  CT  scans  performed  has  increased  relent-
essly over  the  last  decade,  to  more  than  68.7  million
nvestigations in  the  United  States  in  2007  [1].  Although  this
ncrease is  associated  with  a  large  improvement  in  diagnos-
ic performance,  it  is  also  a  source  of  increased  personal
nd population  exposure  to  radiation  [2,3]  as  well  as  being
he source  of  a  potential  risk  of  radiation-induced  can-
er from  low  doses  of  X-rays  [4,5].  Reducing  the  radiation
ose delivered  by  CT  scans  has  therefore  become  a  major
oncern, particularly  in  abdominal  imaging  where  the  acqui-
ition protocol  may  include  three  or  four  acquisition  phases
6].
The widespread  use  of  several  new  technologies  such
s automatic  millamperage  modulation  [7—9]  and  active
ollimation [10]  has  already  reduced  doses  delivered  in
bdominal and  pelvic  CT  scans.  This  reduction,  however,  is
imited by  the  use  of  standard  Filtered  Back  Projections  (or
BP)  as  these  cause  a  signiﬁcant  increase  in  image  noise  if
he dose  is  reduced  too  much  [11].  The  recent  emergence
f iterative  reconstructions  solves  this  problem  by  greatly
educing image  noise  and  therefore  allowing  the  dose  to
e signiﬁcantly  reduced  in  comparison  with  standard  FBP
econstructions [12,13].
A  ﬁrst  version  of  the  iterative  reconstructions  was  mar-
eted on  the  320-detector  CT  scanner  (Aquilion  ONE,
oshiba, Japan)  in  2010  (Adaptive  Iterative  Dose  Reduc-
ion, Toshiba,  Japan).  This  model  showed  considerable
otential to  improve  image  quality  of  the  scanners  and
educe their  dose,  although  it  had  the  disadvantage  of  only
eing available  retrospectively  and  only  for  volume  and  not
elicoidal-mode acquisitions  [14,15].  A  new,  more  sophis-
icated version  of  these  iterative  reconstructions  has  now
een marketed  (Adaptive  Iterative  Dose  Reduction  3D  [AIDR
D], Toshiba,  Japan)  and  is  available  in  our  institution.  This
an be  used  prospectively  and  for  helicoidal  acquisitions.
t has  a  more  complicated  algorithm  than  the  ﬁrst  version
f the  AIDR  iterative  reconstructions  and  contains  iteration
oops in  the  image  and  raw  data  ﬁelds.  To  create  the  AIDR
D image,  the  ﬁnal  iterative  image  and  the  original  image
re combined  and  weighted  in  order  to  ensure  a  reduc-
ion in  noise,  at  the  same  time  preserving  normal  textures
nd anatomical  outlines.  Initial  tests  on  model  systems  on
ur scanner  showed  that  AIDR  3D  iterative  reconstructions
ould potentially  reduce  the  radiation  dose  by  nearly  50%.
IDR 3D  is  now,  therefore,  the  reconstruction  mode  used
n routine  clinical  practice.  We  are  not  aware,  however,  of
ny patient  studies  which  have  assessed  the  utility  of  this
ew reconstruction  algorithm  in  order  to  reduce  the  radi-
tion dose  for  abdominal  and  pelvic  CT  scans  in  clinical
ractice.
The aim  of  our  study  was  to  compare  the  dose  and  image
uality of  an  abdominal  and  pelvic  CT  scan  using  standard
ose FBP  compared  to  an  abdominal  and  pelvic  CT  scan  with
ow-dose and  AIDR  3D  iterative  reconstructions  and  standard
BP reconstructions  in  the  same  patient.
aterials and methodshis  single-centre  study  was  approved  by  our  regional  ethics
ommittee. In  view  of  the  retrospective  nature  of  the  study,
ritten consent  from  patients  was  not  required.
I
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tudy population
his  was  a  single-centre  retrospective  study  which  included
1 patients  who  had  had  contrast-enhanced  abdominal  and
elvic CT  in  the  portal  phase  within  our  institution.  Both
nvestigations were  performed  on  the  same  machine  (Aquil-
on ONE),  the  ﬁrst  using  standard  dose  with  standard  FBP
econstructions (FBP  standard  dose  group)  and  the  sec-
nd using  low-dose  with  AIDR  3D  iterative  reconstructions
AIDR 3D  low-dose  group).  The  images  obtained  with  low-
ose were  also  reconstructed  by  FBP  (FBP  low-dose  group).
atients were  identiﬁed  and  selected  from  our  institution’s
ACS system  (Picture  Archiving  and  Communication  System)
Impax V5,  ES;  AGFA  Technical  Imaging  Systems,  Ridge-
eld, NJ,  USA)  by  searching,  during  the  3  months  after
he introduction  of  AIDR  3D  iterative  reconstructions  (from
eptember to  November  2011),  for  all  patients  who  had  a
ortal phase  abdominal  and  pelvic  CT  scan  and  who  had
lready had  the  same  scan  before  the  iterative  reconstruct-
ons were  introduced.  The  exclusion  criteria  were  patients
ho were  minors,  pregnant  women  and  those  who  had  an
nterval of  more  than  18  months  between  the  two  scans.
atients’ weights  were  recorded  at  the  time  of  the  low-dose
can.
cquisition protocol
ll  of  the  abdominal  and  pelvic  scans  were  obtained  using
 320-detector  CT  scan  instrument  (Aquilion  ONE,  Toshiba,
apan) with  acquisition  covering  the  abdomen  and  pelvis
rom the  bases  of  the  lungs  to  the  pubic  symphysis.  All  of
he patients  had  at  least  one  portal  phase  acquisition  after
ntravenous administration  of  150  mL  of  contrast  medium
OMNIPAQUE 350,  GE  Healthcare,  Chalfont  St.  Giles,  UK)  via
eripheral infusion  over  a  period  of  70  seconds  with  ﬂow
ate of  4  mL/s.  The  acquisition  parameters  were  identical
Table 1)  except  for  the  automatic  milliamperage  modu-
ation noise  index  in  the  three  planes  (SUREExposure  3D,
oshiba) which  were  set  at  9  for  a  5  mm  section  of  the
‘soft tissues’’  window  for  the  standard  dose  scan  and  10
or the  low-dose  scan.  With  the  introduction  of  the  AIDR  3D,
he automatic  milliamperage  modulation  automatically  and
rospectively reduces  the  exposure  parameters.
mage reconstruction
or  the  standard  dose  scans,  the  images  were  reconstructed
ith FBP  reconstructions  (standard  dose  FBP  group).  Images
or the  low-dose  scans  were  reconstructed  using  AIDR  3D
terative reconstructions  in  ‘‘standard’’  mode  (AIDR  3D  low-
ose group)  and  using  FBP  reconstructions  (FBP  low-dose
roup). The  three  series  of  images  were  reconstructed  in
 mm  transverse  sections  every  1.6  mm  with  an  FC  07  recon-
truction ﬁlter.  All  of  the  images  were  sent  to  and  archived
n our  PACS  system.
ssessment of image qualitymage  noise  was  assessed  quantitatively  by  measuring  the
tandard deviation  of  the  regions  of  interest  (ROI)  located
n the  liver  and  aorta  (Fig.  1).  These  regions  were  posi-
ioned in  a standardised  manner  by  the  same  radiologist
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Table  1  Scan  acquisition  and  reconstruction  settings.
Standard  dose  scan  Low-dose  scan
FBP  AIDR  3D  FBP
Acquisition  mode Helicoidal  Helicoidal  Helicoidal
Detector  collimation  64  ×  0.5  mm  64  ×  0.5  mm  64  ×  0.5  mm
Kilovoltage  120  120  120
Milliamperage  modulation SureExposure  3D SureExposure  3D SureExposure  3D
Noise  index  9  10  10
mA  minimum/maximum  50/500  50/500  50/500
Section  thickness/interval  2/1.6  mm  2/1.6  mm  2/1.6  mm
Reconstruction  algorithm  FBP  AIDR  3D  FBP
FBP: Filtered Back Projection; AIDR 3D: Adaptive Iterative Dose Reduction 3D; SureExposure3D: three dimensional automatic milliamperage
(mA) modulation (Toshiba, Japan).(A.G.)  on  a  2  mm  thick  transverse  section  of  the  abdomen
at the  level  of  the  portal  vein  bifurcation,  from  an  Aquil-
ion ONE  post-treatment  console  (Display  console,  version
4.74, Toshiba,  Japan).  For  the  aorta,  noise  was  deﬁned  as
h
i
r
l
Figure 1. Abdominal CT images in a 26-year-old female patient bei
transverse CT sections of the abdomen at standard dose with FBP reconst
(b) and with FBP reconstructions (c). The position and size of the ROIs 
between the three image series. Note the large reduction in image nois
Also note the similar image noise between the FBP standard dose (a) an
with the second scan (529 mGy.cm vs. 267 mGy.cm respectively, i.e. a do2aving  a  standard  deviation  of  a  100  ±  20  mm region  of
nterest placed  in  the  centre  of  the  vessel  in  a  homogenous
egion distant  to  the  walls.  For  the  liver,  three  circu-
ar 200  ±  50  mm2 regions  of  interest  were  positioned  in
ng followed up for post-traumatic liver fracture. Two-millimetre
ructions (a) and low-dose CT with AIDR 3D iterative reconstructions
in the aorta (ROI #1) and in the liver (ROI #2—4) were maintained
e between the AIDR 3D low-dose (b) and FBP low-dose (c) groups.
d AIDR 3D low-dose (b) groups, despite the large reduction in dose
se reduction of 50.5%).
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he  left  and  right  lobes  of  the  liver,  carefully  avoiding
he intra-hepatic  vessels,  focal  lesions  and  artefacts,  as
escribed by  Marin  et  al.  [16].  Liver  noise  was  deﬁned
s the  mean  of  the  standard  deviations  of  the  three  liver
OIs.
In order  to  establish  the  independent  relationship
etween image  noise  and  dose  for  each  of  the  three  series
f images,  a  ﬁgure  of  merit  (FOM)  was  calculated  for  the
orta and  for  the  liver  using  the  equation  described  by  Marin
t al.  [16]  where  B2 is  the  square  of  the  noise  and  ED  is  the
ffective dose:  FOM  =  1/(B2·ED).
Three  senior  radiologists  (B.O.,  M.L.  and  A.B.)  then  per-
ormed a  qualitative  assessment  of  image  quality.  These
adiologists have  6,  9  and  25  years  of  experience  respec-
ively in  interpreting  abdominal  CT  scans.  They  were  not
nvolved in  patient  selection  or  in  positioning  the  ROIs  for
he quantitative  image  analysis.  The  images  were  read
ndependently by  the  three  radiologists  on  randomised,
nonymised investigations  which  did  not  show  the  dates
hat the  scans  were  performed.  The  assessment  was
cored on  a  visual  scale  from  1  to  5  (1  =  unacceptable
mage quality,  unable  to  interpret;  2  =  poor  image  quality,
nterfering with  interpretation;  3  =  average  image  quality,
nterpretation possible;  4  =  good  image  quality;  5  =  excellent
mage quality)  on  PACS  consoles  after  a  joint  reading
ession. Image  quality  scores  1  and  2  were  deemed
o be  unacceptable  for  interpretation  in  clinical  prac-
ice.
easurement of doses delivered
he  doses  delivered  were  provided  directly  from  the  inves-
igation report  which  could  be  accessed  in  the  PACS
ystem. They  correspond  to  the  CTDIvol (volume  CT  dose
ndex) expressed  in  mGy  and  the  Product  Dose  and  Length
xpressed in  mGy.cm.  The  effective  dose  (ED)  expressed  in
illiSievert (mSv)  was  calculated  using  the  tissue  conversion
oefﬁcient (k)  for  the  abdomen  of  0.015  [17]  by  the  equation
D =  k  ×  PDL  [18].
valuation of acquisition lengthscquisition  length  was  expressed  in  centimetres  and  was
easured as  the  difference  in  position  between  the  ﬁrst  and
ast acquisition  sections.
1
t
f
Table  2  Scan  acquisition  lengths,  abdominal  diameters  and  d
Standard  dose  scan
Acquisition  length  (cm)  45.6  ±  4  
Abdominal  diameters  (cm)
Anteroposterior 23.3  ±  2.7  
Transverse  31.7  ±  3.3  
CT  radiation  dose
CTDIvol (mGy)  19.5  ±  5.6  
DLP  (mGy.cm)  892  ±  284  
Effective  dose  (mSv) 13.4  ±  4.3  
Apart from the P values, the results are expressed as mean ± standardA.  Gervaise  et  al.
valuation of transverse and anteroposterior
bdominal  diameters
ransverse  and  anteroposterior  abdominal  diameters  (in  cm)
ere measured  for  each  patient  on  the  standard  dose  and
ow-dose scans  in  order  to  ensure  that  there  had  been  no
igniﬁcant change  in  patient  body  morphology  between  the
wo investigations.  These  measurements  were  performed
y the  same  radiologist  (A.G.),  on  a  PACS  console,  on  the
ame transverse  sections  passing  through  the  portal  vein
ifurcation used  to  position  the  ROIs  for  the  quantitative
easurement of  image  noise.
tatistical analyses
indings  were  analysed  on  R  for  Windows  software  (R  Foun-
ation for  Statistical  Computing,  Vienna,  Austria).  Mean
alues were  calculated  for  the  image  quality  from  the  quan-
itative analysis  by  each  radiologist  to  produce  an  overall
mage quality  score  for  each  group.  The  Wilcoxon  signed
ank test  was  used  to  compare  acquisition  lengths,  doses
elivered and  abdominal  diameters  between  the  two  types
f scan.  The  same  test  was  used  to  compare  the  qualita-
ive and  quantitative  assessments  of  image  quality  between
he AIDR  3D  low-dose,  FBP  low-dose  and  FBP  standard  dose
roups. A  P  value  of  less  than  0.05  was  deemed  to  be  a
tatistically signiﬁcant  difference.
esults
wenty-one  patients  were  included  in  the  study  (10  men  and
1 women).  The  average  age  of  the  patients  at  the  time  of
he low-dose  scan  was  43  ±  18  years  (range:  21  to  86  years)
nd mean  weight  was  71  ±  8  kg  (range:  45  to  88  kg).  The
verage interval  between  the  two  scans  was  177  days  (range:
2 to  380  days).  There  were  no  signiﬁcant  differences  in
cquisition lengths  or  abdominal  diameters  between  the
ow-dose and  standard  dose  scans  (Table  2).
Mean  CTDIvol,  DLP  and  effective  doses  of  the  low-
ose scans  were  signiﬁcantly  lower  than  with  the  standard
ose scans  (effective  doses  of  6.8  ±  2.5  mSv  compared  to
3.4 ±  4.3  mSv  respectively,  P  <  0.001).  The  average  reduc-
ion in  dose  was  49.5%  (Table  2).
For  the  quantitative  assessment  of  image  quality,  we
ound that  mean  image  noise  in  the  liver  and  aorta  was
oses  delivered.
 Low-dose  scan  P  value
43.6  ±  2.6  0.07
23.6  ±  3.1  0.304
31.8  ±  3.2  0.667
10.3  ±  3.6  <  0.001
451  ±  170  <  0.001
6.8  ±  2.5  <  0.001
 deviation.
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Table  3  Quantitative  and  qualitative  image  quality  assessment.
Standard  dose
scan
Low-dose  scan  P  value
FBP  AIDR  3D  FBP  AIDR  3D  vs.
FBP low-dose
AIDR  3D  vs.
FBP standard
dose
FBP  low-dose
vs. FBP
standard  dose
Noise  (UH)
Liver  15.86  ±  2.7  16.47  ±  1.4  27.21  ±  4.2  <  0.001  0.257  <  0.001
Aorta  17.62  ±  3.3  17.70  ±  2.5  31.84  ±  6.8  <  0.001  0.733  <  0.001
FOM  (×  10−4)
Liver  3.47  ±  1.0 6.27 ±  2.0 2.19  ±  1.0 <  0.001 < 0.001  <  0.001
Aorta  2.89  ±  1.0 5.71 ±  2.4 2.0  ±  1.0 <  0.001 < 0.001 0.003
Image  quality  score  4.6  ±  0.6  4.4  ±  0.6  3.3  ±  0.6  <  0.001  0.147  <  0.001
FBP: Filtered Back Projection; AIDR 3D: Adaptive Iterative Dose Reduction 3D. Apart from the P values, the results are expressed as
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signiﬁcantly  lower  in  the  AIDR  3D  low-dose  group  than  in
the FBP  low-dose  group  with  noise  reductions  of  39  and  44%
respectively. However,  there  was  no  signiﬁcant  difference
between mean  liver  or  aortic  image  noise  between  the  FBP
standard dose  and  AIDR  3D  low-dose  groups  (Table  3).  The
mean of  the  FOMs  in  the  liver  and  aorta  were  signiﬁcantly
higher for  the  AIDR  3D  low-dose  images  compared  to
the FBP  standard  dose  images  (6.27  ±  2.0  compared  to
3.47 ±  1.0,  P  <  0.001  for  the  liver  and  5.71  ±  2.4  compared
to 2.89  ±  1.0,  P  <  0.001  for  the  aorta,  respectively)  and  FBP
low-dose (Table  3).
The  qualitative  assessment  of  the  image  quality  showed
this to  be  signiﬁcantly  higher  in  the  FBP  low-dose  and
AIDR 3D  low-dose  groups  (3.3  ±  0.6  compared  to  4.4  ±  0.6
respectively, P  <  0.001).  There  was  no  statistically  signiﬁ-
cant difference  in  mean  image  quality  score  between  the
FBP standard  dose  and  AIDR  3D  low-dose  groups  (4.6  ±  0.6
compared to  4.4  ±  0.6  respectively,  P  =  0.147)  (Table  3).
Discussion
Our  study  conﬁrms  that  the  use  of  AIDR  3D  iterative
reconstructions  greatly  reduces  image  noise  as  compared
to standard  FBP  reconstructions.  Our  comparison  between
the FBP  low-dose  and  AIDR  3D  low-dose  series  images  shows
a signiﬁcant  improvement  in  subjective  image  quality  and
in the  quantitative  assessment  of  image  noise.  Two  of  the
patients in  the  FBP  low-dose  group  scored  2  out  of  5
for quality,  thus  the  quality  of  the  image  interfered  with
interpretation, no  patients  in  the  AIDR  3D  low-dose  group
scored 2  and  only  one  of  the  21  patients  scored  3  in  this
group.
As a  result  of  this  reduction  in  image  noise,  it  has  become
possible to  reduce  acquisition  parameters  and  therefore  the
dose. Our  comparison  between  the  AIDR  3D  low-dose  and
FBP standard  dose  groups  conﬁrms  that  it  is  possible  to  halve
the radiation  dose  delivered  in  abdominal  CT  scans  by  using
AIDR 3D  iterative  reconstructions.  This  reduction  in  dose  has
enabled  us  to  reduce  the  average  PDL  in  our  abdominal  scans
from 892  mGy.cm  to  451  mGy.cm,  or  a  mean  dose  beneath
m
d
the  diagnostic  reference  level  deﬁned  in  the  2012  legislation
800 mGy.cm)  [19].
The results  of  our  study  are  similar  to  those  of  an  initial
tudy on  the  effectiveness  of  AIDR  iterative  reconstructions
Toshiba’s ﬁrst  version  of  iterative  reconstructions)  on  lum-
ar spine  CT  scans  which  showed  the  potential  to  reduce  the
ose by  52%  [14].  This  dose  reduction,  however,  was  only
ased on  indirect  calculation  by  extrapolating  the  reduction
n noise  from  FBP  to  AIDR  images  on  the  same  acquisition.
Our  results  are  also  similar  to  other  types  of  itera-
ive reconstructions  which  have  already  been  marketed  and
hich are  currently  available  in  clinical  practice  [20—23].
agara et  al.  [20]  and  Prakash  et  al.  [21]  showed  that  it
as possible  to  reduce  abdominal  CT  scan  doses  by  33%  and
5% respectively,  using  ASIR,  whilst  improving  image  qual-
ty in  comparison  with  FBP  reconstructed  scans  in  patient
tudies using  Adaptive  Statistical  Iterative  Reconstruction
ASIR). Mitsumori  et  al.  [22]  showed  that  the  abdominal
can dose  could  be  reduced  by  41%  with  ASIR  in  com-
arison with  FBP  reconstructions.  In  addition,  as  in  our
wn study,  May  et  al.  [23]  demonstrated  a  50%  reduction
n abdominal  scan  dose  using  Iterative  Reconstruction  in
mage Space  (IRIS)  iterative  reconstructions  compared  to
tandard FBP  reconstructions,  with  equivalent  image  qual-
ty.
It is  difﬁcult,  however,  to  compare  our  results  with  other
ypes of  iterative  reconstructions  as  their  implantation  is
ifferent for  each  manufacturer.  The  ASIR  and  IRIS  iterative
econstructions, for  example,  respectively  require  a  per-
entage mixing  of  FBP  and  ASIR  images  and  a  number  of
terations to  be  selected  during  the  IRIS  reconstruction  pro-
ess. The  dose  reduction  and  quality  of  the  ﬁnal  image  both
epend on  these  parameters  [20—24].  If  an  ASIR  percentage
hat is  too  high  is  chosen,  or  if  too  many  iterations  are  used
or IRIS,  changes  may  occur  in  the  usual  appearance  of  the
mages with  an  ‘‘over-smoothing’’  effect  due  to  a  change  in
he image  noise  spectra  [11,12].
AIDR  3D  also  allows  us  to  choose  from  four  predetermined
odes: ‘‘weak’’,  ‘‘mild’’,  ‘‘standard’’  and  ‘‘strong’’.  These
ifferent modes  allow  a  greater  or  lesser  number  of  itera-
ions to  be  performed  and  the  mixing  percentage  of  AIDR
52  A.  Gervaise  et  al.
Figure 2. Low-dose abdominal CT in a 22-year-old female patient being followed up for post-traumatic splenic fracture
(DLP  = 383 mGy.cm). Two-millimetre transverse sections centred on the pelvis using FBP reconstruction (a) and AIDR 3D iterative recon-
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Rtruction (b). Note the large reduction in image noise from the A
rtefacts from the intra-uterine device.
D  and  FBP  to  be  changed  in  the  iterative  reconstruction
rocess. The  ‘‘standard’’  setting  is  the  one  recommended
y the  manufacturer  for  abdominal  imaging  and  is  a
ompromise between  dose  reduction  and  maintaining  usual
mage quality.  In  practice,  we  have  not  noticed  any  differ-
nce in  image  texture  on  the  AIDR  3D  images  and  it  was
ifﬁcult for  the  readers  to  distinguish  the  FBP  standard  dose
nd AIRD  3D  low-dose  images  (Fig.  1).  The  ‘‘strong’’  setting
ay cause  a  slight  change  in  usual  image  texture,  although
his setting  can  further  reduce  the  radiation  dose  delivered.
amada et  al.  showed  that  by  using  the  ‘‘strong’’  setting
ith AIDR  3D  iterative  reconstructions,  the  dose  could  be
educed by  64%  whilst  maintaining  equivalent  image  qual-
ty compared  to  standard  FBP  reconstructions  in  a study  on
hest CT  scans  [25].  Further  studies  are  therefore  needed
o establish  whether  it  is  possible  to  use  the  ‘‘strong’’  set-
ing in  abdominal  imaging  in  order  to  further  decrease  the
ose without  reducing  the  diagnostic  performance  of  the
nvestigations.
Another advantage  of  some  types  of  iterative  reconstruc-
ion algorithms  is  that  they  reduce  beam  intensiﬁcation
rtefacts and  metallic  artefacts.  AIDR  3D  iterative  recons-
ructions can  partially  correct  these  artefacts  by  using  a
econstruction algorithm  with  a  double  loop  in  the  raw
ata ﬁelds  and  in  the  image  ﬁeld.  This  partly  explains  the
mprovement in  subjective  image  quality  between  FBP  low-
ose and  AIDR  low-dose  images  (Fig.  2).
There  are  several  limitations  to  our  study.  Firstly,  it  is
 retrospective  study  which  included  a  small  number  of
atients. A  larger-scale  prospective  study  is  needed  in  order
o conﬁrm  these  results.  Secondly,  we  only  assessed  image
uality and  not  the  diagnostic  performance  of  the  scans
n our  study.  This  would  have  been  a  more  appropriate
tyle of  assessment  but  it  is  difﬁcult  to  implement.  Thirdly,
e did  not  study  the  effect  of  patient  body  morphology
n the  effectiveness  of  iterative  reconstructions  because
f the  small  numbers  of  patients  included  and  as  body
ass index  was  not  available  for  all  patients.  It  would,
owever, be  useful  to  carry  out  such  a  study  with  AIDR
D as  several  publications  have  shown  that  iterative
econstructions  produce  variable  and  contradictory  results
epending on  patient  morphology  [20,22].  Similarly,  as  thisD iterative reconstructions (b) but also the reduction in metallic
as  a  retrospective  study,  we  did  not  have  a  record  of  the
atient’s weight  at  their  ﬁrst  scan  and  so  we  were  not  able
o compare  their  weights  between  the  two  investigations  to
nsure that  this  had  not  changed  signiﬁcantly.  Menke  [26],
owever, has  shown  that  measurements  of  anteroposterior
nd transverse  abdominal  diameters  correlate  with  patient
ody morphology  and  particularly  with  body  mass  index.
he fact  that  these  abdominal  diameters  did  not  change
etween the  two  scans  in  our  study  argues  against  a  change
n body  morphology  in  our  patients.  Finally,  the  dose  reduc-
ion found  in  our  study  only  applies  to  abdominal  CT  scans
erformed on  our  scanner  and  using  our  protocol.  Other
tudies are  needed  to  assess  the  dose  reduction  for  other
econstruction parameters,  particularly  with  the  ‘‘strong’’
etting, and  also  for  other  types  of  CT  scan  investigations,
articularly chest  and  brain.
onclusion
IDR  3D  iterative  reconstructions  can  halve  the  radiation
ose from  an  abdominal  CT  scan  compared  to  standard  FBP
econstructions whilst  maintaining  equivalent  image  quality.
urther  studies  are  needed  to  conﬁrm  the  utility  of  itera-
ive reconstructions  in  other  types  of  CT  scan  investigations,
articularly chest  and  brain.
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